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CHAPTER 1 GENERAL DESCRIPTION 
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(1) 


(2) 


(3) 


(4) 


(5) 


General Description 

Introduction 

The M222XD2 disk drive is a compact (3.5-inch micro-floppy size), and highly 
reliable fixed disk drive developed for random access data storage and retrieval in small 
computers, word processors, and terminals. 

The storage capacities (unformatted) of the M2225D2, M2226D2 and M2227D2 are 
25.62 MB, 38.43 MB and 51.24 MB respectively. 

Features 

Compact size 

Since the disks are 95 mm (3.74 in) in outer diameter and are driven by a DC motor 
directly connected to the spindle, the unit is extremely compact in size: 101.6 mm 
(4.00 in) (width) < 41.3 mm (1.63 in) (height) x 146 mm (5.75 in) (depth). 

High speed positioning 


An optical encoder motor is used for head positioning to achieve fastest possible 
seek times. 


Large capacity 


Up to four disks are assembled in the disk enclosure (DE), to provide a maximum 
unformatted storage capacity of 51.24 MB. 


High reliability 
Heads, disks, and positioner are sealed to prevent contamination, and the air inside 


the DE is kept clean by a breather filter and recirculation filter. These features 
increase reliability by reducing the chance of contamination. 


No preventive maintenance 


Preventive maintenance is not necessary. 
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(7) 


(8) 


(9) 


(10) 


(11) 


DC power 


Only DC voltages of +12 V and +5 V are required. 


Vertical or horizontal installation 


The drive may be installed in a system cabinet either vertically or horizontally. 
In the horizontal position, the PCB must be on the bottom. Vertically, it must not be 
mounted end above end. 


Low power consumption 


The power consumption is 7.5 W (Steady State). This low power consumption 
enables the drive to be used in a very wide environmental temperature range (5 to 
45°C). 


Low acoustic noise 


The drive’s low noise output, approx. 43 dB (A-scale weighting) even during 
seeking, makes it ideal for office use. 
Low vibration 


The drive has four rubber vibration isolators, which minimize the transfer of motion. 


Highly integrated electronics 


Microprocessor, LSIs and surface mount technology are utilized for the PCA to 
achieve high reliability and high integration. The head IC is located on head arms 
inside the DE to amplify the small signal. Read errors are reduced by increasing the 
signal to noise ratio. 
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1.2 


1.2.1 


Specification 


Functional specifications 


Table 1.1 Functional specifications 


Specifications 

Total storage capacity 
Unformatted | (MB) 25.62 38.43 51.24 
Formatted (*) 20.15 30.22 40.30 


Storage capacity/track 
Unformatted (B) 
Formatted (*) 


Number of disks 
Number of heads (R/W) 

Number of cylinders 

Number of tracks/cylinder 

Recording density (BPI) 
Track density (TPI) 
Transfer rate (KB/s) 
Rotational speed (rpm) 
Average latency time (ms) 
Recording method 


Min (ms) 
Positioning time Ave (ms) 
Max (ms) 


Input Voltage +12 V45% 0.45 A (max 2.0 A) 
i : + 5 V+5% 0.42 A 


External size 
Width xX Height x Depth (mm) 
Weight (kg) 


101.641.3146 (W/O Panel dimension) 
1.0 


(*) 256 bytes/sector for 32 sectors/track 
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(1) Positioning time 


(ms) 


80 
60 
40 


20 


200 400 600 (cyl) 
Difference 
(2) Start and stop time 
Start time (time from when power is turned on until the drive is ready) is 15 seconds 


or less and stop time (time to completely stop when power is turned off) is 25 seconds 
or less. 


1.2.2 Environmental conditions 


Temperature Operating 5°C to 45°C 
Non-operating -40°C to 60°C 
Gradient 15°C/h or less 
Relative Operating 20% to 80% RH 
(Maximum wet bulb temp. 29°C) 
humidity Non-operating 5% to 95% RH 


(Maximum wet bulb temp. 29°C) 
No condensation 


Vibration Operating Less than 0.2G (3 to 60 Hz) 
2 min X 30 cycles 
(sinusoidal waveform) 


Non-operating Less than 0.4G (3 to 60 Hz) 
(power-off state 2 min X 30 cycles 
after installation) (sinusoidal waveform) 

Shock Operating Less than 3G (maximum 10 ms) 
Non-operating 
During $s Less than 40G (maximum 10 ms) 
transportation and 
storage 

Altitude above Operating 3,000 m or below 

sea level Non-operating time 12,000 m or below 
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1.2.3. Power requirements 


(1) Power connector pin assignment 


YY @ © & 


From cable side 


+12 V 
+12 V RTN 


+5 V RTN 
+5 V 


(2) Input voltage tolerance and current 


+12 V+5% 2.0 A max. (at seeking) 0.45 Aryp 


The above values are voltages at the power connector of the drive. Lower 
voltages will adversely affect the performance of the drive. 


(3) Power consumption 


Steady state 7.5 W 


(4) Current waveform 


+12 V current waveform (for reference) 


[A] 


Oe ee ene ae 2h oe 
+12 V+10% 
” +12 V (Typ) 
5 ae ee 
El aa 
3 
UO 
Lee ee eee 
Toe Es ie 
0 wt 
2) 4 6 8 10 
Time [SEC] 
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(5) Power on/off sequence 


(6) 


If the Write Gate signal from the controller is off before applying or removing 
power, the voltages (+12 V, +5 V) to the drive need not be sequenced. That is, 
recorded data will not be destroyed nor will mechanical or electric problems occur. 
To maintain the Write Gate signal in the off state at the time of drive power-on or 
-off, the basic sequence between the power supply of the controller and drive must 
be as follows: 


(a) Basic sequence 


Controller 
power supply 
(all power 
supplies) 


90% 


Drive 
power supply 
(+12 V, +5 V) 


T1, and T2: Each 0 sec, or longer 


Note: 
The power supplies of the drive (+12 V, +5 V) need not be sequenced. 
(b) If the controller and the drive share a common supply and the Write Gate 


interface signal 1s determined only by +5 V, power sequencing is unnecessary. 
This is so because the +5 V level is monitored within the drive. 


Others 


To eliminate AC line noise, a noise filter of the specifications given below should be 
incorporated in the AC input terminal of the drive power supply. 


Attenuation characteristic; 40 dB or greater at 10 MHz 
Circuit configuration; T type shown below is recommended. 


G [OUT] 


[IN] : ;-_—--» 
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(1) 


(2) 


(3) 


(4) 


1.2.5 


(1) 


(2) 


Reliability 
Mean Time Between Failures (MTBF) 


The estimated MTBF of this drive during its life time is 30,000 hours after an initial 
3-month period. 


Note: 


The MTBE is defined as follows. 


Operating time (hours) 
The number of equipment failures 


MTBF = 
Operating time is the total time duration during which the power is ON. 

Failure of the equipment means failure that requires either repair, adjustments, or 
replacement. Mishandling by the operator, failures due to bad environmental conditions, 
power trouble, controller trouble, cable failures, or other failures not caused by the 
equipment are not included. 

Mean Time To Repair (MTTR) 

MTTR is the average time taken by a well-trained service technician to diagnose and 
repair a unit malfunction. This drive is designed for a MTTR of 30 minutes or less. 


Service life 


Overhaul of this drive is not required for the first five years. 


Power loss 

Data will not be corrupted on the disk in the event of an abnormal power condition, 
unless a Write operation is in progress at the time of the event. 

Error rate 

Errors detected upon initialization and successfully replaced by an alternate record, 
are not included in the error rate. 

Recoverable error rate 

A recoverable error is one which can be read correctly within 16 retries and should 
not exceed 10 errors per 10’! bits read. 

Non-recoverable error rate 


Errors that cannot be recovered within 16 retries should not exceed 10 errors per 
10'° bits read. 
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(3) 


Positioning error rate 


The rate of positioning errors recoverable by one retry is 10 errors or less per 10’ 
seeks. 


(4) Media error 
(a) Cylinder 0, Heads 0 ~ 7 are defect free. 
(b) The number of defective sectors in the M222XD2 are as follows: 
M2225D2_...... maximum 25 
M2226D2 _...... maximum 38 
M2227D2_...... maximum 51 
(5) Media defect list 
Media defects when shipping from the factory are listed on the MEDIA DEFECT 
LIST and this list is attached to each drive. The following figure shows an example 
of the MEDIA DEFECT LIST. | 
*** MEDIA DEFECT LIST **« 
CUSTOMER: DATE: 87/08/25 
MODEL: BO03B-4815-B104A DE SERIAL NO. 000000 
No. CYLINDER HEAD  POS/BYTES LEN/BITS SCT/032 PAGE-001 
001 OOEB (0235) 00 (00) OO9F (00159) O0OB (0008) 01A (026) 1 
002 0115 (0277) 03 (03) 0120 (00288) O0B (0011) O0A (010) 1 
003 
004 
: Number of defective 
sector when 32-sector 
formatting; 
hexadecimal number 
(decimal number) 
Length of defect (unit: byte); 
hexadecimal number (decimal number) 
Position from index to lead bit of defect 
(unit: byte); hexadecimal number (decimal number) 
Head address 
hexadecimal number (decimal number) 
Cylinder address 


hexadecimal number (decimal number) 
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Cables 
The recommended cable connector specifications are listed in Table 1.2. 


Table 1.2 Cable connector specifications 


[Gonnesor] Name [Spee No —~Mantacurer 


FCN-767J034-AU/1 FUJITSU 
Cable connector or 88373-3 AMP | 
eee or 3463-0001 3M 
able 


455-248-34 SPECTRA-STRIP 
or 171-34 ANSLEY 


| FUJITSU 


FCN-767J020-AU/1 
or 88373-6 AMP 
or 3461-0001 3M 


Cable B | 
(0) Ce 
| aa 455-248-20 SPECTRA-STRIP 
aa or 171-20 ANSLEY | 
Power be ia, | | 
| cable 170121-4 


aa AWG 18( +5V,RTN) | 
ayer AWG 18(+12V,RTN) | 
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CHAPTER2 INSTALLATION 


This chapter describes unpacking, installation and cabling of the M222XD2. 


2.1 


2.2 


Unpacking 

The M222XD2 is packed in a carton. An exterior view of the carton is shown in 
Figure 2.1. 7 

(1) Place the carton on a flat surface. Ensure that the top of the box, indicated by a 


‘*This Side Up’’ sign, is oriented correctly. 


(2) Pull the drive out of the carton together with cushions. Handle the drive slowly 
and carefully, to prevent unnecessary shock. 


(3) Remove the cushions from the drive. 


CAUTION: 
When transporting, installing and maintaining the drive, do not shock or drop the 
drive, to prevent the heads and media in the DE from incurring damage. When 
transporting the drive, use only the specified carton. 


Visual Inspection 


After unpacking, check the following. — 


(1) There should be no cracks, rust or other damage. 
(2) All parts should be firmly affixed, there should be no loose screw, etc. 


(3) The MEDIA DEFECT LIST should be attached. 


41FH6828E ...01A 


2-1 


Figure 2.1. Exterior view of carton 


. 01 


41FH6828E - . 


2.3 Installation 


2.3.1 Outer Dimensions 


Figure 2.2 shows the outer dimensions and mounting dimensions. 
All dimensions are in millimeters. 


41.3+0.3 


4-M3 or 
No.6-32UNC 


12.7 


N 


4 
7 


| fa 


+ 
1.5 
OL 


101.6+0.5 


95.2+0.3 


104.1+0.2 


Figure 2.2 Outer dimensions 
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43.8+0.2 


A-M3 or 
No.6-32UNC 


146.0+0.5 


2.3.2 Notes on installation 
(1) Installation directions 
The drive may be installed as shown in the following figure. 
In the horizontal position, the drive must be level to within 20 degrees and the PCB 


facing downwards. Vertically the drive must be true within 5 degrees and cannot be 
mounted end above end. 


(2) Frame structure 
When the drive is mounted with bottom threads, the embossed frame can be used as 
shown below (detail A). However, when the drive is mounted with the side threads, 
the frame should be designed according to detail B as shown below. 


CAUTION: 


Screw lengths for mounting drive differs, according to mounting method, it is important 
to use correct length of screw. 


2.5 or more 2.5 or more 


ae IP 
Panel i 


a 


PCA guide @ 


! 
| 


= 
2.5 or more 
2.5 or more 


Base casting 


Seen a | 
| 
NS screws 4/ 


om ee | ™“.. Frame —% ac | 
} ! a OF tess | 
a : 


‘ SCREW 


detail B 


| No.6—32UNC | 
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(3) Ambient temperature 


The operating temperature range of the drive is specified at a distance of 3 cm from 
the drive. 


The operating temperature must not exceed 45°C at any time in operation. To 
satisfy this condition, the base surface temperature in the Ready condition must not 
exceed 60°C. 


The PCB should be cooled with proper air circulation in the cabinet. 


Base surface temperature 
measuring point 


(4) Service area 


P-plane 
Cable connection 


PCB maintenance 
(test points and mounting screws) 
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2.4 Cable Connection 


The drive is interfaced to a system through three connectors. 


2.4.1 Drive connectors location 


Figure 2.3 shows the location of A and B cable edge connectors and power 
connector. 


Power 
connector 


A cable card 


edge Front panel 


B cable card ~ 
edge 


Figure 2.3. Drive connectors 
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2.4.2 Single drive connection 


_ Figure 2.4 shows the connection of single drive to its controller. 


A cable 


B cable 


Controller 


Power Supply {| 


Figure 2.4 Single drive connection 


Power cable 


T™M = Terminator 


2.4.3 Multiple drive connection 


(1) Daisy chain connection 


Connection of the drives to a controller is shown in Figure 2.5. The A Cable (control 
signals) must be connected in series and the B Cable (R/W signals) in parallel. The 
termination for the control signals must be performed only on the last drive in the chain. 


| 
Drive 
i 
ive 2 
fie 


Controller } | 
i 
B cable dni Drive 3 
a 


B cable Drive 4 
fi q 
Power cable | | 


Power cable 


Power Supply Power cable 


Power cable 


Figure 2.5 Daisy chain connection 
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(2) Radial connection 


2.5 


Connection of drive to its controller is shown in Figure 2.6. The A Cable (control 
signals) and the B Cable (R/W signals) must be connected in parallel. The 
termination of control signal must be performed at the all drives. 


See paragrah 3.4.5 for A and B cable length specification. 


A cable 
| 1™ | 


A cable 


B cable 


Controller 


A cable 


LB 


A cable 


Power Supply 


Figure 2.6 Radial connection 


‘Switch Setting 


The functions and assignment procedures of a switch are described below. 


CN3 
CN7 


(2) Radial connection 


(3) Terminator connection 


(4) Drive mode 
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(1) Drive select 


Set the drive number (1 to 4) with the short plug as follows. 


DRIVE1-— #£DRIVE2 DRIVE 3 DRIVE 4 
Short plug _ ; 


(2) Radial/daisy connection setting 


Set either radial or daisy connection as follows. 


Radial connection Daisy connection 


Short plug __ 


(3) Terminator connection 


When all switches other than SW7 are set to ON, the terminator is connected. 
When all switches other than SW7 are set to OFF, the terminator is not connected. 


Terminator Terminator 
Connected Disconnected 
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(4) Drive mode selection 


Drive mode | is selected when SW7 is OFF and Drive mode 2 1s selected when SW7 
is ON. | 


Drive mode 1 Drive mode 2 


See subsection 3.4.6 and 3.4.7 for description of mode | and mode 2. 
(5) CN3 Write Enable 


Removal of this short plug will inhibit writing data on the drive. (This facilitates an 
external write protect switch.) 


(6) CN4 RINH signal 


This short plug enables the internal ‘‘Read Inhibit’’ signal ‘‘RINH”’’ to be presented 
on pin 5 of the data cable. 


(7) CN7 external LED connector 


This connector is provided to allow connection of an external ‘‘Drive Selected’? LED. 
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CHAPTER 3 THEORY OF OPERATION 


This chapter consists of 3 sections: 
1) Mechanical parts 
(2) Recording media format 


(3) Interface and electrical control section 


3.1 Mechanical Parts 


The drive consists of disks, heads, spindle motor, actuator, cover, breather filter, 
recirculation filter, base, and control PCA. 


Figure 3.1 shows the outer view of the drive. 


DE (Disk Enclosure) 


Control ~N 
(PCA) 


= Front panel 


Figure 3.1 Outer view 
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(1) 


(2) 


(3) 


(4) 


3.2 


3.3 


Disks 


Disks are 95 mm in outer diameter and 25 mm tn inner diameter and are coated with 
a special lubricating material. M2225D2, M2226D2 and M2227D2 have 2, 3 and 4 
disks respectively. Durability is designed for over 10,000 start and stop cycles. 


Heads 


The whitney heads are in contact with the disks when the disks are stationary, but 
automatically float when disk rotation reaches a certain speed. The number of heads 
(R/W) is four in the M2225D2, six in the M2226D2, and eight in the M2227D2. 


Spindle motor 


The disks are turned by a direct-drive DC motor. The motor attains a very precise 
rotational speed: 3600 rpm, +1%. This precision is achieved through a feedback 
circuit which includes a Hall IC, mounted within the motor assembly. 


Actuator 
This assembly consists of an optical encoder motor, band actuator, and head arm. 


The carriage working with the special drive circuit, gives increased REMaOIMLY anda 
very short average positioning time of 35 ms. 


Air Circulation 


The heads, disks and actuator are sealed inside a cover to shut out any 
contamination. This head disk assembly has a closed-loop air recirculation system 
using the blower effect of the rotating disks to continuously cycle air through the 
recirculation filter. This filter traps any dust generated inside the enclosure. To 
prevent negative pressure in the vicinity of the spindle when the disks begin rotating, 
a breather filter is attached. This breather filter also equalizes the internal air 
pressure with the atmospheric pressure due to surrounding temperature changes. 


Recording Media 

Servo information is recorded on part of the data surfaces in this drive. The drive 
control circuit samples this servo information to position the heads on a data track 
precisely. 


The data surface consists of 615 cylinders for data recording. Cylinder O is on the 
outermost radius of the disk and cylinder 614 is on the innermost radius. 
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3.3.1. Track format 
The soft sector format, is the same as that for floppy disk drive units. Each sector 
consists of an identify (ID) field (for checking that the correct sector is read) and 
a data field for actually recording the data. 


The sector format is determined by the controller. This subsection explains the 
format written at the factory. | 


A sector interleave format (factor = 4) is set at the factory. A track has 32 sectors. 


*INDEX neeaos |) (aaa acs | aad 


Sector number 23 |31 | 00} 08 | 16] 24 [01 | 09 | 


Figure 3.2 Sector interleave format 


*INDEX 


fe eas ren Te SECTOR (314 Byte) X 32 ane oe ee 


Gap 1 | SYNC 
16X “4E”|13 x “00”|"Al”|“FE” 13 X “00” |*A1”|“F8” 15x “4E” 


|____ WRITE UPDATE —_—+ 


Notes: 


1. The track capacity varies according to the motor rotation fluctuation. 
The nominal track capacity is 10,416 bytes. 

The nominal capacity of gap 4 is 352 bytes. 

16 X “4E” 


a 


Indicates the hexadecimal bit pattern. 


Indicates the number of bytes. 


Figure 3.3. Track format 
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3.3.2 Format configuration — 
(1) Gap 1: ““4E” 


Absorbs the index burst fluctuation. A 16-byte ‘‘4E’’ pattern is written in this gap. 


(2) Syne: “00” 


The VFO synchronization area for reading the ID and data fields. A 13-byte ‘‘00”’ 
pattern is written in this field. 


(3) Address Mark (AM): 2 Bytes 


ID Field : “Al” “FE” (*) 
Data Field : “Al “F8” 


Identifies the header part of the ID and data fields. 
An “‘A1”’ pattern is written in the following missing clock format, to detect the AM: 


C DIC OD 
This is assumed 
to be a missing 
rT - 


(*) The data pattern of byte 2 succeeding the ‘‘A1’’ pattern of AM is as follows: 


Bit Position 


“Al” Data Bits 


“AIT” Clock Bits 


Ordinary MFM pulses 


MFM pulses having 
missing clock. 


ID field: “FE” at cylinders 0 ~ 255 
“FF” at cylinders 256 ~ 511 
“FC” at cylinders 512 ~ 614 


Data field: “F8” 
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(4) 


(5) 


(6) 


(7) 


(8) 


Identify Field (ID): 7 Bytes 


The ID field consists of seven bytes, including AM and CRC. The three bytes other 
than AM and CRC have the following bit configurations: 


76543210 76543210 76543210 


L Sector address 
27 ta:2° 
Head address 
2* to 2° 
Head address 6: 2° 


522? 


CRC 


Flag bit 0: Indicates a normal sector. 
1 : Indicates a defective sector. 


Cylinder address 27 to 2° 


CRC field: 2 Bytes — 


Error detection code including AM (A1 pattern). The polynominal is as follows: 
yaa a, i, ea 


Note: 


The CRC initial value is FF. 


Gap 2: 16 Bytes 

Lead in area for reading/writing the data field. The data pattern for synchronizing 
the variable frequency oscillator (VFO) is **00’’. 

Data field: 256 Bytes 


The user area follows the Data Address mark pattern of ‘‘AIF8’’ and in turn is 
followed by a 2 byte CRC field. 


Gap 3: 18 Bytes 


Consists of 3-byte ‘‘00’’ patterns and 15-byte ‘‘4E”’ et for absorbing motor 
rotation fluctuation. 
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(9) 


3.3.3 


3.4 


3.4.1 


3.4.2 
(1) 


(2) 


Gap 4: 352 Bytes (nominal) 


The area for absorbing motor rotation fluctuation used when formatting all sectors in 
a track at the same time. This area consists of 352-byte ‘‘4E”’ patterns (nominal 
rotation number). 


Write precompensation 


Write precompensation is not necessary. (Post compensation is automatically handled 
inside the drive logic by changing the read channel characteristics for the inner and 
outer cylinders.) | 


Interface 
This section describes the physical and logical conditions of the signals transferred 


through the interface between the drive and the controller. The timing is specified at 
the driver/receivers of the drive. 


Signal lines 


Cable A 
Controller side | Drive side 
(3) Head Select 0-2 Index (1) 
_ Ready (1) 
(4) Drive Select 1-4 Track 0 (1) 
(1) Write Gate 
(1) Reduced Write Current Write Fault (1) 
(1) Direction 
(1) Step Seek Complete (1) 
11 lines 5 lines 
Cable B 
Controller side Drive side 
(1 paired) MFM Write Data MFM Read Data (1 paired) 
Drive Selected (1) 
1 pair 1 line + 1 pair 
Input signals 
Head Select 0 to 2 


These signal lines are used to select one of the data heads in the drive. 


Drive Select 1 to 4 


These signal lines are used to select one of four drives in a multi-drive configuration 
and validate the input/output signals of the selected drive. 
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(3) 


(4) 


(5) 


(6) 


Direction 

This signal line is used to determine the seek direction of the data heads when the 
step pulses are sent to the disk drive. When this signal is true, seek is performed 
inward (away from Track 0); when false, seek is performed outward (toward Track 
0). 

Step 


This signal moves the data heads one track per pulse in the direction indicated by the 
Direction signal. There are two stepping modes as follows: 


(a) The drive supports step pulse rates between 5 kHz and 3 MHz and will automatically 
select either a ‘‘full buffered’’ or ‘‘semi buffered’’ mode of seek operation. In 
the full buffered mode, the actuator will not move until all of the step pulses 
have been received. At a lower step pulse rate, the actuator will start the seek 
after 12 step pulses have been received and before the last of the pulses have 
arrived. This is the semi-buffered seek mode and functions this way in order 
to maintain a higher average seek time. 


(Step rates below 5 kHz are prohibited. ) 


(b) Return to zero mode 
When 615 or more step pulses are issued, the data heads will move to Track 0. 


If the controller does not use this mode, the recalibrate function should be 
performed per the following procedure. 


@) Set the Direction to false. 
(2) Send one step pulse. 
(3) Wait until the Seek Complete signal is true. 


(4) Continue the procedure until the Track 0 signal is true. 
Write Gate 


This signal line enables the write current to the selected data head in the drive. When 
this signal is false, the Read Data from the disk is transmitted to the interface. 


Reduced Write Current 


This signal line is not used in this drive. 
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(7) 


3.4.3 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


MFM Write Data (balanced transmission) 


This signal is a differential signal, and is used to determine the flux change point of 
the data bit written on the disk. 


When +MFM Write Data goes more positive than -MFM Write Data while Write 
Gate is active, a flux change occurs. 


During a Read, this signal should remain inactive (+MFM Write Data should be 
more negative than —-MFM Write Data). 

Output signals 

Index 


This is a pulse signal transmitted once for every revolution of the disk in the selected drive. 


Ready 

This signal is active or true when the voltages are within specification and the spindle 
motor has reached nominal speed. This signal is true approximately 15 seconds after 
power on. 


Track 0 


This indicates the data head is stopped on track 0. 


Write Fault 
This indicates that one of the following abnormal states occurred during writing. 
(a) Either +5 V or 12 V dropped below specification. 


(b) Write current was not applied to the head while Write Gate was enabled. 


MFM Read Data (balanced transmission) 


This signal is a differential signal and is used to send the Read Data bit from the disk 
to the host side. When the Write Gate is inactive, the point which indicates + MFM 
Read Data goes more positive than — MFM Read Data represents a flux reversal on 
the track of the selected head. 


Seek Complete 
This indicates that the selected data head is positioned at the requested track. This 


signal includes the settling time of the head, and when it is true, read/write 
operations are enabled. 
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(7) Drive Selected 


When the Drive Select 1-4 signals match the Drive Select Short Plugs on the drive 
side, the drive is selected. 


3.4.4 Timing Specifications 
(1) Seek timing 


(a) Step/Seek Complete relationship 


— Step pulses ce | eres 7 eee 


0.33us~ 0.2ms (Slave Step Mode) Min. 100 ns 


— Seek Complete aa PL : 
: Varies according to 
Max. 500 ns Seek length. 


~8 to 85 ms 


(b) Step/Direction and Drive Select relationship 


—Step pulses 


| aa ____ Pulse length 
amas van 100 ns ~ 333 ps 
Direction 
Min. 100 ns = Min. 100 ns 


— Drive Select _ [ 
| — Min. 100 ns an = Min. 100 ns 
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(2) 


(3) 


Write/Read Data timing 


(a) Head change-over timing 


Head Select 


change-over 8 Us Max. 
+Read Data (Valid data) (Valid data) 
Valid 

— bs 12 Us Max. 


+Write Gate  eesesea—i 


aul -- 400 ns Max. 


+Write Data ee eee (SCS 


(b) Read/Write Data timing 


—Drive Selected 
—Head Select 


_.| Bocas aaa P- 25 ~ 80 ns 


+MFM Valid TLE LI LILI PLILSI] 


Read Dat 
rae | - Bit Cell 200 ns TYP —| -- 12uUsM 
—Write Gate is 
400 ns Max. Lal = | =m 50 ~ 150 ns 
+MFM | 
vaemer Bit Cell 200 ns TYP —| ie 


Index signal timing 


—Index | | | | 


bie 0.25 ~ 2.78 ms 


16.67 ms TYP 
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3.4.5 Driver/Receiver 


The interface signals are terminated as in Figure 3.4. The total control cable length 
in a multi-drive configuration should not exceed the specification. (6 metres) 


Control signal +5V 


' 2702 


7414 or 
or 33092 


] 
| 
l 
| equivalent 


. 7438 or 


equivalent ™ 6m max. 


R/W signal 


AMD26LS32 or 


' | 
AMD26LS31 or ! equivalent 
| 


] 
equivalent 


11022 or 100 2 


Figure 3.4 Driver/Receivers 


3.4.6 Drive Mode 


During operation the drive will automatically calibrate its optical cylinder reference 
(encoder) to fixed servo cylinders on the disk. This servo calibration, which is used to 
adjust for thermal changes, occurs during normal seek operations at predetermined 
intervals. In this manner, servo calibration is transparent to the drive controller and 
will result only in an occasional longer than average seek time. 


In the event that servo calibration becomes necessary but no seek operation has been 
issued for a period of time, the position of the drive mode switch (SW7) determines 
what action will be taken. 


@) Drive mode | 


Drive mode | can only be used if the controller operations meet the two following 
conditions: 


e If the drive is not being accessed, the drive select signal is not active. 


¢ When the drive select signal is activated to access the drive, the controller 
must verify or wait for an active Seek Complete status. 


In this mode, servo calibration is automatically performed while the drive is not 


selected. During calibration, the Seek Complete signal will not be active and the 
controller must verify this status line after selecting the drive. 
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(2) Drive Mode 2 


Drive mode 2 is the factory set mode of operation and must be used if the controller 
does not meet the requirements of mode 1 operation. 


In this mode, servo calibration is automatically performed regardless of the drive 


selection status. During calibration, the Read Data and Index signals will not be 
active and the Seek Complete signal will remain valid. 


3.4.7 Details of Drive Mode 
(1) Drive Mode 1 
(@) Timing of compensation data renewal (Sampling seek) 


The drive has an interval timer. This interval timer is preset, a value which 
depends on the elapsed time from power-on. 


The renewal operation for the compensation data is made in the following two ways. 
@ A Seek instruction, (STEP pulse) is issued and the interval timer has overflowed. 
@ Drive Select is false when the interval timer overflows. 


A timing chart of the renewal operation for the compensation data is as follows. 


Power-on 
Drive Select 


Seek instruction _W 


Overflow of 
interval timer 


Compensation | | | | 
data renewal 


Figure 3.5 Timing of compensation data renewal (Drive Mode 1) 
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(2) When the interval timer overflows it may take up to 30 microseconds to check 
the status of the drive select line and then up to a further 30 microseconds 
to commence the internal seek operation. If within this time frame the drive 
select signal is asserted, then seek complete will be driven on the interface, 
up to 30 microseconds, until it is negated by the internal seek compensation 
data renewal operation. 


When the host controller asserts the drive select signal, it must wait a 
minimum of 30 microseconds before checking if seek complete is true 
before initiating read/write operation. When the drive is deselected, it must 
remain deselected for a minimum of 30 microseconds, otherwise the internal 
compensation data renewal operation cannot commence. 

If the timer overflows when the drive is selected, then the drive checks the 


condition of the select status, (selected) and then waits for a step pulse from 
the controller, to initiate the compensation data renewal seek. 


Min 30 us 


Drive Select FT 


Min 30 us Min 30 us 


} Confirm the Seek Comp = Low 
t 
Overflow of 


interval timer 


' 
I 
eee enero ereminionansemnes 1 
Internal SKC aint 


Max 30 us -_ 


Figure 3.6 Drive Mode 1 timing 


Interface Seek Complete 


O—— 
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(2) Drive Mode 2 


(@) Timing of compensation data renewal (Saving seek) 


The drive has an interval timer. The interval timer is preset, a value which 
depends on the elapsed time from power-on. 


The renewal operation of the compensation data is made when a Seek instruction 
(STEP pulse) is issued after the interval timer overflows. 


(2) Read Data stop timing 


If the seek instruction is not issued during five timeouts of the interval timer, 
then Read Data and Index signals are stopped, the internal seek is performed, 
compensation data is renewed, and then Read Data and Index signals are sent 
again. The recalibration or seek instruction (error recovery process) from the 
controller is executed after the internal seek. 


—RINH = Internal seek of the drive _— 
(Internal Signal) 


| hae ge a+ 5~10us 
Read D 
ead Data (Read Data stop) ee (nena 


ah Approximately 20 us ac te ba Approximately 20 us 
es ee a 
ond L- | 


(Index stop) 
(Low) me 


Figure 3.7 Read data stop timing 


—Seek Complete 
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(3) Step instruction during renewal of compensation data 


When the retry instruction (step instruction) is issued from the controller, during 
internal seek operation, the retry instruction (step instruction) is executed after 
the internal seek. 


Step a a 2 
—RINH [+ Internal seek of the drive ——+ 

(Internal Signal) a ee 

ya 1 ~ Sus Spree ee 

Read Data ea aamE (kr Data Stop) 
CSAs (comer (Ree 
+e Approximately 20 us le Approximately 20 us 
_.g  (ndex stop) a 


| 800 ms (Max) ees 


—Seek Complete emt 6 L 
500 ns (Max) Ee acaedl 


Execute the step instruction 


Figure 3.8 Step instruction during renewal of compensation data 
(4) Write instruction during renewing compensation data 


When the write instruction (Write Gate: True) is issued during an internal seek 
operation, the Write Fault becomes true. 


Internal seek of the SNe 
—RINH | 


MORETTI ccc 
}———____—_—{ 


+ Approximately 20 us Approximately 20 us 
—Index Sop | ‘eae 20 cee 
2 (Index stop) ae 


—Write Fault \ 
a 


Figure 3.9 Write instruction during renewal of compensation data 
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{ Interface Cable A | 


| Interface Cable B 
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3.5 


Electrical Control Section 


The M222XD2 is controlled by a MPU (Microprocessor, Intel 8031) and the sequencing 
program stored in the EPROM. This section explains the operation of the M222XD2 
using the block diagram and the flowchart following. 


DRSL INDEX. MTR ENBL 


Select circuit 


VREF Circuit 


Servo control 
circuit 


Poem ee| lee ee we ee ee we fe we we ee en meme 


Disk Enclosure 
DCM Driver 


| Peak Hold 
Write data ae . 
eta data | Pulse shaper bd | _ HDIC / 


Figure 3.10 MPU control system block diagram 
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1 


Oe ee ee 


3.5.1 Sequence 


Figure 3.11 shows the flowchart from power-on, to drive ready and the next Seek 
instruction sequences. 


Power On SEEK Time Out Emergency 


Yes 
RTZ control 
Encoder Motor No 


Fault process 


Diff. Reg. 
check ‘‘1”’ or 
more? 


Fault process 


Diff. Reg. 
content check ‘‘615” 
or more? 


Illegal cylinder? 


Error flag set 
Seek operation 


Figure 3.11 Control flowchart 
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3.5.2 


As shown in Figure 3.11, on first powering on, an initialization sequence begins 
(zero-clearing each memory and register and RTZ initial seek). After the RTZ operation, 
several processes (Ready, SKC and Track 0 process) are performed and the flow 
enters into the routine indicated by @). The Difference register check is idling and 
awaits the seek instruction from the controller. As mentioned in the Interface section, 
this register stores the number of step pulses (actually difference value) in slave mode, 
and sends it to the MPU. If that number is equal to or more than 615, the seek 
instruction is converted into a RTZ instruction @). If less than 615, it is processed 
as a seek instruction (@). | 


This flowchart shows the basic operation. When a time out or emergency condition 
occurs the flow enters an abnormal process routine. 


The MPU is not involved in the read/write operation directly. 


Power-on sequence (initialization) 


(1) When the +5 V power is turned on, the MPU begins to operate and performs 
the following. 


® Resets each register in the MPU 

® Resets the servo control register 

® Resets each sequence register 

e Resets each status register 

The Motor Enable signal in the port register in MB63513 is set, and the spindle 
motor control circuit begins to operate. To time, the spin up, the 30 seconds 
counter is set in the MPU. The MPU checks rotational speed by observing 
the Index signal from the spindle motor. 

After Speed OK becomes true, approximately | second later, the RTZ Initial 
Seek Sequence starts. If the Initial Seek is not completed within 30 seconds, 
after powering on, the MPU stops the spindle motor rotation and blinks the 


RDY LED. 


This condition is reset by turning off and on the +5 V power supply. Figure 3.12 
shows the flow from powering on, to the RTZ sequence. 
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(2) Servodata initialization 
To initialize the servo data, the servo information on the disk is read, the initial value 
of the offset compensation is stored into the RAM in the MPU, and the offset 
compensation sequence is performed. 
The data surface is divided into 8 zones. Each zone has a cylinder on its center 


position which records the servo information. The compensation data is generated by 
reading the cylinder sequentially. 


V7 +5V 
Initialization of memories Lamp off 
and registers FF/ERR clear 
Fault 
DC spindle motor begin MB63513 
to rotate. MOTOR ON signal *1’ 


No| Check DC +12 V ON 


Yes 


30 sec. (To) 
Time out setting 


Error process 


Initialization of servo data 


To Figure 3.13 


Figure 3.12 Power on sequence (Initialization) 
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3.5.3 RTZ sequence 


The RTZ sequence makes the actuator move to cylinder O, and is executed in 2 ways; 
initial sequence after power on and receiving the RTZ instruction. 


In the RTZ sequence, the following processes are performed. 
(1) Time out setting (preparation for interrupt) 

(2) SKC resetting 

(3) DRUM resetting 


Next, confirmation of the HDLD signal is performed. 


cylinder —-3 -—-2 -1 0 1 2 3........ OFS -G1G.ccersecas 


HDLD signal ; 
————» inner tracks 


Head movement 


©) 
© 


(). 


(1) Reverse Low Speed, 
(2) Forward High Speed 
(3) Forward Low Speed 


In the RTZ sequence, the Reverse Low Speed signal, the speed control signal, is 
output, until the HDLD signal becomes false. Then, the speed control signal is changed 
from Reverse Low Speed, to Forward High Speed. When the HDLD signal becomes 
true, the speed control signal 1s changed to Forward Low Speed. When the head is 
in the proximity of cylinder 0 (SNN = 1), the speed control is changed to position 
control (LNMD = 1) and the head is positioned precisely to cylinder 0. 
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From Figure 3.12 


RTZ sequence pre-process 


High speed > TAR 


Speed control 


High speed > DA output 


~FNPOS inversed? = 


Speed control 


\/ 


To Figure 3.14 


Figure 3.13 RTZ sequence 
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From Figure 3.13 


SKCYL = SKTAR? 


a ae No 


| Yes \si/ 
| LNMD setting | Error Process 


| eu . | Diff>0 
| Drive Ready ON (cleat) 


Timer clear 


| Yes 


TRACK 0 > “1” 


a ti 


Seek Complete > 


o~ - Head located at cylinder 0. 
if -TRK 0->ON 
. - Drive Ready ~ON 


| Idling routine ! 
Waiting next seek instruction 


Note: 
SKCYL: Current cylinder value 
SKTAR: Target cylinder value 
TAR: Target speed 


Figure 3.14 After seek process 
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START 


| Servo data sample decision | 
— Initial feed forward value setting, Illegal Cylinder Check 
; Seek pre-process DRLM set, *NCY1 set, *NCY2 set 
: . SKC reset, Seek-Time-Over Timer start 


Difference Counter 
Current location reading ADC (FNPOS) al MPU reading 


| Difference value calculation Difference to target cylinder 


? | Seek tail-process 
Yes { 


Seek complete? 


No LNMD set, switch filter 
r | = Calculating difference IW, TRACK 0 output | 
between current speed and! en 
Bake target speed by calculating —— 
| difference value 


Velocity error sending DAC outputting 


a3 


Yes 


No 


Feed Forward-1 


SKC set 


- } | — | Idling routine 
Feed Forward — —_ eee 


DAC outputting 


ERROR process 


Target speed? 


Figure 3.15 Seek sequence 
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(1) DC spindle motor control 


Figure 3.16 shows the block diagram of the spindle motor control. 


DC motor 
drive IC 


Motor Enable 
Index signal 
generator 


Figure 3.16 DC motor control block diagram 


Micro- 
processor | 


DC motor Connector 
Ss see eee tal e ee mene @& «ne em ee ame = «2 =» =D ee a ee eee 


HE: Hall Elements 


When power is turned on the MPU issues the motor start instruction (MTR Enable), 
the current control circuit drives the current to the phase selected by the phase control 
circuit. Phase control is performed by the hall sensor output signals (U/V/W). The 
DC spindle motor has the sensor to detect the Index signal. 
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3.5.4 Seek sequence 
The Seek sequence is divided into 4 processes, servo data sample decision section, 
seek pre-process, seek speed control, and seek tail-process. In the seek pre-process, 
the following is performed according to the direction and number of stepping pulses 
given by the interface. 
(1) Illegal Cylinder Check 
(2) DRLM, SKC, *NCY1, and *NCY2 setup 
(3) Seek-Time-Over Timer start 
(4) Initial feed forward value set 
In the servo data sample decision process, the following are performed. 
(1) Checking whether the servo data sampling is necessary 
(2) Checking the unsampled zone 
(3) Deciding whether to jump to the servo data sampling routine 
In the seek speed control process, the current location is read and the difference value 
to the target cylinder is calculated. If the difference is 0, the flow enters into the seek 
tail-process. If the difference is not 0, then speed control is performed. The speed 
control is performed as follows: 
(1) Calculate the difference between the current location and the last location 
(2) Read the target speed corresponding to the difference value from EPROM 
(3) Set the speed of difference between the current speed and the target speed 
The current location is given to read the value, by analog-to-digital converting the 
Fine Position signal indicated the detailed location between tracks, from the 
difference counter stored the track crossing pulse (TRXP). 
To control the decreasing speed of the motor, the Feed Forward signal is output 
through the DA converter. This signal is not output when the difference value is more 
than 128, and is output from the point that the current speed exceeds the target speed. 
When the remaining difference value is less than 20, the feed forward value is 
decreased in each calculation cycle. So, it is available to decrease the speed in a 


gentle curve. The tail-process is a same process as a RTZ. Figure 3.18 shows the 
seek sequence flowchart. 
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3.5.5 Seek control circuit 


MPU | DAFF 


| Setting 

| Feed Forward (FF) 
Calculating | 

| target speed | 

| Calculating 

| speed difference 


Calculating 
location difference 


AMP ENC/VCM 


POSITION 


1/64 track location resolving power | 


Target track DF 


Figure 3.17 Seek block diagram 


Figure 3.17 shows the block diagram of the seek circuit which performs the seek 
operation. The microprocessor (MPU) sets the feed forward value and flows the 
current to the actuator with DAERR signal. This feed forward value is an assumed 
preset value. The actuator accelerates and its actual speed is compared to the ideal 
speed by comparing the feedback (actual) speed with stored values. This produces a 
difference (DAERR) value which controls the current to the motor and through the 
deceleration phase, holds the target speed. 
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Speed 


increasing constant | decreasing 


moving value 


Current 


Figure 3.18 Seek current 
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DA ERR 


FOW REV 


—-—V REF +5V 


1 position seek 


Current 


—FNPOS 


FF 


ERR 


FOW REV 
256 position seek 


Figure 3.19 Waveform during seek 
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3.5.6 Encoder 


The encoder uses optical technology. Using a LED and photo sensors, the POSN 
and POSQ signals are generated by converting the quantity of light at the physically 
different locations into the electric signals. The FNPOS signal is generated by picking 
up the straight part of the POSN and POSQ signals in the electric circuit. The sensor 
for the HDLD signal, at another location, outputs the HDLD signal. 


Code wheel 


Position slit Phase plate 


HDLD slit 


Photo sensor 


Figure 3.20 Encoder principle diagram 


Encoder ; 


- > POSN 
_ ,|> POSQ 


Analog 
switch 


*SNN etc 


—_ HDLD 


an 


Figure 3.21 Fine Position signal generation circuit block diagram 
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Cy0 


POSN 


*SQI 


*SNI 


*SNN 


*SQN 


+FNPOS 


3-30 


Figure 3.22 


Waveform of each signal in Fine Position 
signal generation circuit 
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3.5.7 Clamp position 


*EQUAL signal is active when a phase of current cylinder is the same as the phase of 
the target cylinder. When the phase of the current cylinder is different, the FNPOS 
signal is kept at the clamp level to extend the control range between + 1.5 and —2.5 
cylinders from the target cylinder. Figure 3.23 show the timing chart. 


| 
_FNPOS Al ff | MALLS NANA \ 


CLPOS 


Figure 3.23 Clamp position timing chart 
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3.5.8 


(1) 


(2) 


(3) 


3.5.9 


Fault detection during seek 

VCMHT (Encoder motor heat detection circuit) 

If. abnormal current flows intu the Encoder motor, the heat detection circuit detects 
it and sends VCMHT signal to MPU. To detect, voltage, generated at resistor for 
current detection, is time-integrated. 

Seek time over 

The timer/counter in the MPU is set before starting a seek. During this time, if seek 
is not completed, an internal interruption of the MPU occurs and the flow transfers 
from the seek operation routine to the time over routine. 

Over-shoot check 

After a seek, a check is made to see if an overshoot has occurred. This is detected 
from the difference between the current position and the target position. 


Read/write circuit 


The read/write circuit consists of the head IC section inside the DE, the write circuit 
and the read circuit. Figure 3.24 shows the block diagram of the read/write circuit. 


| ae Read Data (MFM) 
HEAD7 | | | ’ Read circuit | ae 


Head IC 
HEADO 


Write Data (MFM) 


Write circuit 


Figure 3.24 Read/write circuit block diagram 


41FH6828E...01A 


(1) Head IC section 


The head IC section consists of 8 channel circuits, having the pre-amplifier and the 
write amplifier. Each channel is connected to a data head. The M2225D2, M2226D2 
and M2227D2 drives have | head IC inside the DE. 


(2) Write circuit 


Figure 3.25 shows the block diagram of the write circuit. 


MFM Write Data Pulse 


Write Gate 


(a) 


Data head 


Write driver 


(MB635 13) 


Cylinder register 


| Write amplifier | 


Power Loss 
detector 


Dk cece on el a Me perl ae a aaa at eee on ear ae GA 


Write Fault 


Fault latch 


Figure 3.25 Write circuit block diagram 


Write amplifier 


This is a write current source detection circuit that decides the correct write 
current value of the head. This circuit is set on/off with a write command 
signal ‘‘Write Gate’’ from the controller. The current value is changed according 
to the cylinder address of the head to flow the optimum current to the head. 
If an error is detected in the Write Fault or Power Loss detection circuit, the 
current source is cut off unconditionally. 
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(b) Write driver 
This is included in the head IC. This receives current from the write amplifier 
and changes the current to be sent to the data head according to the write data 
pulse (WDP). | | 

(c) Write Fault detection circuit 


This circuit detects a fault during the write operation. This sets the Fault Latch 
and sends the Write Fault to the controller in the following cases. 


@ When write current is not supplied to the head. 
(2) When the DC voltage is abnormal. 
Fault Latch is held until the controller resets with Fault Clear. 

(d) Power Loss detection circuit 
When the power is switched on/off or a power hit occurs, an abnormal current 
may flow in the head because of a disturbance of the logic circuit, resulting 
in destruction of disk data. Therefore, the Power Loss detection circuit monitors 
the DC voltage level; if the voltage drops, the circuit clamps the write amplifier 
current source before the logic circuit is disturbed, to protect the head from 
abnormal current. 


(3) Read circuit 


Figure 3.26 shows a block diagram of the read circuit and waveforms. 


DE 


DP8464 


Amplfr-7 Filter 1 


RDT 


wwe wee mown @ — — ew wwe ww 2 ow ww www 


Cylinder 


register 


Figure 3.26 Read circuit block diagram 
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(a) 


(b) 


(c) 


(d) 


(e) 


(f) 


(g) 


(h) 


Pre-amplifier 
This is included in the head IC. The Read signal is generated by flux reversals 


on the disk and the detected head output signal is input to the pre-amplifier, 
and amplified approximately 100 times. 


Amplifier 1 


This amplifies the read signal approximately 30 times. 


Filter 1/2 


These filters eliminate high-frequency noise from read signals amplified by the 
pre-amplifier and main amplifier. The filter characteristics are changed according 
to the cylinder address of the head to compensate for the difference of head 
output signal characteristics between outer and inner cylinders. 


Amplifier 2 

Amplifier 2 has an AGC amplifier function to keep a constant output waveform 
at the filter 2. 

Differentiator circuit 

The peak position of the read signal output from the pre-amplifier indicates 


the flux reversal point. This circuit, including CR, converts flux points to 
zero-crossing points. 


Pulse shaper 


This circuit detects zero-crossover points of the differentiated waveform 
amplified by the main amplifier, then converts them to TTL level. 


Shoulder noise elimination circuit 


A read waveform sent from the head, has shoulders as shown in Figure 3.27. 
Differentiation of this waveform shows that the shoulders are close to the 
zero-cross line. External noise may add noise pulses to pulse shaper outputs. 
The shoulder noise elimination circuit selects signal and noise pulses according 
to the pulse width, and eliminates pulses narrower than the specified pulse 
width as noise pulses. 


Waveform shaping circuit 


This circuit generates raw data having the specified pulse width from the leading 
and trailing edges of the shoulder noise elimination circuit outputs. 
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Flux reverse 


Shoulder part 


Slice level 


Shoulder noise 
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Figure 3.27 Readc 


CHAPTER 4 TROUBLESHOOTING 


This chapter explains a troubleshooting method. 


A number in parentheses near the diamond indicates the check location in Figure 4.1. 


+12 V 


(2) LED 


(7) Encoder 
motor connector 


(3) Index signal 


1 
16.67 ms 


Check pin +0.5% 
(4) DC motor : 


connector 


(6) Drive Select 
(5S) Interface Short plug 
connector 


Figure 4.1 Check location 
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4-1 


4-2 


| , Power-on 


Connect power 
connector correctly 


LED blinks? 


Index signal 
is normal? 


(4) 

— DC motor . 
connector connects 
correctly? 


Connect DC motor 
| connector correctly 


Exchange the drive 
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Set Drive Select signal ON | 


Interface 
connectors connect 
correctly? 


No 


Connect interface 
connectors correctly 


| Set short plug for Drive 
Select correctly 
Connect encoder motor | 
Yes connector correctly 


Track 0 signal is ON? 


Short plug 
ocation for Drive Selec; 
is correct? 


SKC signal is ON? 


Ready signal is ON? 


Read error occurs? 


Error occurs in 
specific sector? 


Yes — 


Assign error sector 


to alternate sector 


End : a 
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